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Description 


[DETECTING METHOD FOR DRY ETCHING 

MACHINE] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication No. 91135493, filed on Dec. 6, 2002. 
Background of Invention 

[0002] Field of Invention 

[0003] The present invention relates to a detecting method for a 
dry etching machine in semiconductor fabrication. More 
particularly, the present invention relates to a method ca- 
pable of comparing the a Vpp value of wafer during the 
dry etching process in real-time to check whether or not 
the Vpp value is located within a Vpp range during a nor- 
mal operation, so as to ensure an yield under the dry 
etching machine. 

[0004] Description of Related Art 

[0005] During fabrication of a semiconductor device, it usually 


needs several processes to accomplish, such as pho- 
tolithography, etching, deposition, planarization, and so 
on. If a malfunction occurs on any one of these fabrication 
processes, and the malfunction is not found in time, the 
whole batch of semimanufactures with defects is still be- 
ing fabricated for the subsequent processes to the last 
process. The defect is not found until the yield analysis on 
the accomplished product. In this situation, the only thing 
can do is scrapping those batches, which may have been 
tested, in a large amount. It is necessary to reexamine the 
fabrication process to find out which processes are in 
malfunction. This definitely causes a large amount of fab- 
rication cost. 

[0006] After 1980, when the pattern dimension in fabrication is 
reduced less than 3 microns, plasma etching (dry etching) 
gradually replaces the wet etching and is widely used in 
patterning process. This is because the wet etching is 
isotropic etching, causing that the pattern profile cannot 
be reduced to that small geometrical dimension, required 
by the fabrication. During the dry etching process, a large 
amount of heat is produced due to bombardment by the 
ions. If the wafer is not properly cooled down, the tem- 
perature on the wafer then rises. For example during 


etching in tlie patterning process, the wafer has been 
coated with a photoresist layer, serving as a masl< layer. If 
the temperature of the wafer is over the 150°C, the mask 
layer will get scorched. In addition, the chemical etching 
rate is also sensitive to the wafer temperature. As shown 
in FIG. 1, the etching reaction chamber 100 is necessary 
to be implemented with the chilling platform, to prevent 
the mesh structure from occurring on the photoresist as 
well as control temperature of the wafer 104 and the 
etching rate of the plasma 108. Since the etching process 
is necessary to be performed at a low pressure, the low- 
pressure environment is adverse for heat conduction. In 
this manner, it is usually necessary to use the pressurized 
helium gas 102 at the backside of the wafer to conduct 
the heat energy from the wafer 104 to the chilling plat- 
form. In order to prevent the wafer from being blown 
away by the backside air stream at the chilling platform, it 
needs an electrostatic chuck (E-chuck) 106 to affix the 
wafer on the chilling platform by the electrostatic force. 
The E-chuck 106 is more popular in 1990 decade since it 
can provide the better uniformity of temperature and 
etching on the wafer, and have less polluting particles. 
[0007] The dry etching is almost a standard process for the de- 


vice to form the contact hole, deep trench, or shallow 
trench. During the etching process, if any malfunction, 
such as the poor quality of the E-chuck or the unstable air 
flow of the etching gas, can be found in time, the operator 
then can stop the etching process. This can save the cost 
for the subsequent processes. However, the response sig- 
nal caused by the foregoing malfunction, such as pressure 
or temperature, is usually too small, and cannot be effec- 
tively detected out during the etching process. For exam- 
ple, since the pad layer, being thermal conductive but 
electrical insulating, on the E-chuck (ESC) is broken, the 
internal gas pipe for transferring the helium gas is then 
broken. Even though the helium gas for chilling the wafer 
does leak, the pressure variation in the chamber is still 
small and cannot be detected by the pressure sensor. In 
addition, the manufacturer of etching machine usually 
cannot provide sufficient detecting parameters to detect 
the actual operation condition during the etching process. 
The user cannot stop the etching machine in time for pre- 
venting the abnormal condition from being still going. In 
this consideration, if another parameter to observe the 
etching status can be supplied when the wafer is per- 
formed with the dry etching process, it would be very 


helpful to prevent those disadvantages. 
Summary of Invention 

[0008] As discussed above about the conventional technology, 

the conventional etching machine cannot supply sufficient 
detecting parameters to detect the actual etching opera- 
tion, and then the user cannot stop the operation of etch- 
ing machine in time for preventing various abnormal op- 
eration from continuously going. The invention provides a 
method for detecting the dry etching machine during the 
semiconductor fabrication process. When the wafer is per- 
formed with the dry etching process, a wafer Vpp value 
for the period of dry etching process is compared with a 
Vpp range in the normal operation, so that the wafer yield 
can be ensured. 

[0009] An objective of the invention is to provide a method for 
detecting the dry etching machine, so as to in-situ detect 
a status of the dry etching machine and prevent the ab- 
normal fabrication process from continuously occurring. 

[0010] As embodied and broadly described herein, the invention 
provides a method for detecting the dry etching machine, 
including etching a number of wafers with receding the 
Vpp values for each of the wafer during the etching pro- 
cess in sequence. A Vpp range under the normal opera- 


tion condition is obtained, according to tlie Vpp values. 
Tlie Vpp range under tlie normal operation is sent to tlie 
control system of the dry etching machine. The Vpp value 
of the wafer is compared with the Vpp range to check 
whether or not the Vpp value is out of the Vpp range. If it 
is, then the control system of the etching machine enters 
the abnormal operation mode. 

[0011] According to the forgoing aspect, wherein the number of 
wafers is equal to or greater than 200. 

[0012] According to the forgoing aspect, when the etching ma- 
chine enters the abnormal operation mode, the control 
system issues a warning signal. 

[0013] According to the forgoing aspect, when the Vpp value is 
out of the Vpp range under normal operation, the abnor- 
mal operation is caused by the pad layer, being thermal 
conductive but electrical insulating, on the E-chuck (ESC) 
being broken. 

[0014] According to the forgoing aspect, when the Vpp value is 
out of the Vpp range under normal operation, the abnor- 
mal operation is due to helium leakage, which is used to 
cool the wafers, caused by breakage of the transport pipe 
of internal helium in the E-chuck (ESC). 

[0015] According to the forgoing aspect, when the Vpp value is 


out of the Vpp range under normal operation, the abnor- 
mal operation is caused by over temperature on the bot- 
tom of the etched wafer. 
[0016] According to the forgoing aspect, when the Vpp value is 
out of the Vpp range under normal operation, the abnor- 
mal operation is caused by insufficient performance of a 
chilling system. 

[0017] According to the forgoing aspect, when the Vpp value is 
out of the Vpp range under normal operation, the abnor- 
mal operation is caused by the abnormal oxygen flowing 
rate. 

[0018] According to the forgoing aspect, when the Vpp value is 
out of the Vpp range under normal operation, the abnor- 
mal operation is due to a defect of the etched wafer itself. 

[0019] According to the forgoing aspect, the dry etching machine 
is used in a deep trench process for dynamic random ac- 
cess memory (DT-DRAM). 

[0020] According to the forgoing aspect, the deep trench process 
uses the reaction ion etching process (DT-RIE). 

[0021] It js to be understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 
the invention as claimed. 


Brief Description of Drawings 

[0022] The accompanying drawings are included to provide a 

furtlier understanding of tlie invention, and are incorpo- 
rated in and constitute a part of tiiis specification. Tlie 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 
of the invention. 

[0023] FIG. 1 is a drawing, schematically illustrating a dry etching 
reaction chamber. 

[0024] FIG. 2A is a drawing, schematically illustrating a dry etch- 
ing reaction chamber in capacitively coupled type. 

[0025] FIG. 2B is a drawing, schematically illustrating a variation 
of the plasma potential with the time for the dry etching 
machine. 

[0026] FIG. 3 is a drawing, schematically illustrating the curves of 
Vpp values and the final product yield (Y%) after perform- 
ing the DT-RIE process on the wafer (about 200 wafers), 
wherein the sequence is in the order of the yield. 

[0027] FIG. 4 is a drawing, schematically the curves of Vpp values 
and the final product yield, according to the data in FIG. 3 
under the DT-RIE process, but rearranged in fabrication 
time sequence. 

[0028] FIGs. 5A-5B are drawings, schematically illustrating the 


curves of Vpp value under the same DT-RIE process but in 
different etcliing macliine in tlie fabrication time se- 
quence. 

[0029] FIG. 6 is a drawing, scliematically illustrating a relation 
between the Vpp value and the stability of oxygen flow 
rate on the wafer during the dry etching process. 

[0030] FIG. 7 is a drawing, schematically the flow chart of the de- 
tecting method on the dry etching machine, according to 
the present invention. 
Detailed Description 

[0031] The embodiment of the invention is described as follows. 
However, the invention can have other applications with- 
out limited to the embodiment. The scope is defined in 
claims. 

[0032] By using the detecting method for the dry etching ma- 
chine of the invention, the occurrence of abnormal opera- 
tion can be detected out in the beginning stage during dry 
etching process on the wafer. First, a reaction chamber in 
the etching process is considered as a large electric ca- 
pacitor, as shown in FIG. 2A, and it is also called the ca- 
pacitively coupled type. In the etching reaction chamber, a 
RF voltage is implemented between two parallel electrode 
plates 202, 204, for producing a large amount of plasma 


206, wherein the RF plasma source 208 provides a RF po- 
tential. Since the potential of the plasma is higher than 
this RF potential and should remain to a state with higher 
potential than the ground, a DC voltage difference re- 
mains between the plasma (OV) 206 and the electrode 
(-Vdc) 204, which is also called DC bias. The etching ca- 
pability of the plasma is determined by the DC bias. FIG. 
2B is a drawing, schematically illustrating a variation of 
the plasma potential with the time for the dry etching ma- 
chine. In FIG. 2B, the value from the peak (maximum) to 
the trough (minimum) of the plasma potential is defined 
as a Vpp value. It should be noted that, the Vpp value be- 
ing used here is with respect to the plasma potential in 
stable state. It also means that the Vpp value for the tran- 
sient state at the beginning stage of the etching process 
has been eliminated. 
[0033] The process to fabricate the deep trench (DT) in dynamic 
random access memory (DRAM), that is, DT-DRAM pro- 
cess is used as the example for descriptions. During the 
DT-DRAM process, a reaction ion etching (RIE) process is 
used to form the DT, that is, DT-RIE Process, which is the 
essential process to determine the yield for the final prod- 
ucts because the DT is used to form the capacitor for the 


DRAM. When the Vpp value for each wafer is observed 
during the DT-RIE process, it would be found that any ab- 
normal operation from the wafer itself, or the equipment 
or the process in the RIE chamber, the Vpp value is obvi- 
ously changed. FIG. 3 is a drawing, schematically illustrat- 
ing the curves of Vpp values and the final product yield 
(Y%) after performing the DT-RIE process on the wafer 
(about 200 wafers), wherein the sequence is in the order 
of the yield. In FIG. 3, X axis is the serial number of the 
wafers but sorted in yield from low to high, the first Y axis 
is the yield, and the second Y axis is the Vpp value. It 
should be noted that the wafers have been sorted from 
small one to large one. In FIG. 3, when the yield is greater 
than 85%, the Vpp value for the DT-RIE process can re- 
main in a Vpp range of 2363 2370, shown by dashed line. 
For the final products with the yield in 70% - 85 %, most 
of the wafers in the DT-RIE process have the Vpp values 
also within the above range. For the final products with 
the yield in 0% - 70 %, almost all of the wafers in the DT- 
RIE process have the Vpp values out of the Vpp range. Ac- 
cording to this drawing, it indicates that when the wafers 
is performed with the DT-RIE process, the yield of final 
product on the wafer has the obvious tendency to be low 


if the VPP value is out of the Vpp range (overlarge or over- 
small). 

[0034] FIG. 4 is a drawing, schematically the curves of Vpp values 
and the final product yield, according to the data in FIG. 3 
under the DT-RIE process, but rearranged in fabrication 
time sequence in X-axis. In FIG. 4, when the fabrication 
process proceeds to the first region, the product yield be- 
gins to drop from 80%, and this is also the rising point for 
the Vpp values. The subsequent few batches of wafers 
have not only low yield but also large variation. In this re- 
gion, the Vpp values is larger than the Vpp values in the 
beginning stages of the etching machine. After the Vpp 
values return back to the beginning range, the yield rises 
up to about 90% again. The similar tendency occurs at the 
region B again. The Vpp values abnormally jump up, and 
the yield of the corresponding wafers then drop. The low 
yield for these two abnormal operations can be caused by 
the occurrence of abnormal state for the E-chuck (ESC) in 
etching reaction chamber. In addition, after the Vpp val- 
ues in the region C drop out of the normal Vpp range, the 
yields obviously drop and have a large variation occurs. 
The reason can be understood due to poor chilling effi- 
ciency. The drawing again indicates that when the wafer is 


under the DT-RIE process, an abnormal condition for tlie 
machine equipment or fabrication parameter occurs if the 
Vpp values the out of a range (overlarge or oversmall). 

[0035] FICs. 5A-5B are drawings, schematically illustrating the 

curves of Vpp value under the same DT-RIE process but in 
different etching machine in the fabrication time se- 
quence. This situation is about performing the DT-RIE 
process in different etching machine, wherein the normal 
Vpp ranges for different machine may also different. In 
FIG. 5A, the normal Vpp range at the beginning stage is 
2297 2307. In FIG. 5B, the normal Vpp range at the be- 
ginning stage is 1863 1880. The Vpp range is necessary 
to be set with respect to the different machine and one 
Vpp range cannot be used for all machines. Moreover, it 
can be seen as indicated by arrows in FIGs. 5A-5B when 
the Vpp value has the behavior different from the begin- 
ning stage set with the normal Vpp range, it indicates an 
abnormal phenomenon occurs on the etching machine. 

[0036] FIG. 6 is a drawing, schematically illustrating a relation 
between the Vpp value and the stability of oxygen flow 
rate on the wafer during the dry etching process. In FIG. 6, 
in two regions indicated by dashed lines, the oxygen flow 
rate is not stable during the etching process. The upper 


drawing shows the value drops from 19.09 to 18.21. The 
lower drawing shows that the corresponding Vpp values 
greatly drops from 742 to 725.8 when the oxygen flow 
rate starts dropping. Further still, in FIG. 6, it can be seen 
that the Vpp value has been abnormally low at the begin- 
ning stage, however, the oxygen flow rate is at the stable 
range. This can be understood that the result is caused by 
the over-high bottom temperature of the etched wafer 
(poor chilling performance). Again, the drawing can indi- 
cate whether or not the abnormal status occurs, such as 
low oxygen flow rate, over-high bottom temperature of 
the etched wafer, or poor chilling efficiency. 
[0037] As foregoing descriptions, each etching machine has the 
individual Vpp range. Then, the detecting method of the 
invention is necessary to obtain the Vpp range under the 
normal operation for each etching machine forjudging 
whether or not the operation is operated under the normal 
condition. FIG. 7 is a drawing, schematically the flow chart 
of the detecting method on the dry etching machine, ac- 
cording to the present invention. First, in step S701, a 
certain number of wafers are sequentially performed with 
etching process, wherein the Vpp values for each of the 
wafers are recorded and are used for determine a Vpp 


range under the normal operation. The number of wafers 
can be 200 or more. Then, In step S702, a mathematical 
analyzing algorithm is used to process the data from the 
step S701, so as to eliminate some effects due to the un- 
reasonable large variations. Actually, this step can be 
skipped. However, the Vpp range may be affected a little. 
In step S703, the Vpp range obtained form the step S702 
is input to the control system of he etching machine and 
is compared with the Vpp value for the subsequent dry 
etching process. If the Vpp value is within the Vpp range, 
then it indicates that the process is under the normal con- 
dition, in step S704. In step S705, if Vpp value is out of 
the Vpp range, then the control system of the etching ma- 
chine stops the machine and issues a warning signal to 
inform the operator for adjusting the etching machine or 
the fabrication parameters. For example, it is checked 
whether or not the pad layer, with thermal conducting but 
electrical insulation, is broken in the E-chuck, causing the 
transporting pipe for the internal helium gas being bro- 
ken, and the helium for cooling the wafer being leaking. It 
is checked whether or not the bottom temperature of the 
etched wafer is over high, the cooling system is in poor 
performance, or the oxygen flow rate is over low. As a re- 


suit, the abnormal status can be prevented form occur- 
ring, and the yield can remain high. 

[0038] According to the foregoing steps, the detecting method 
for the dry etching in the invention allows each of the 
etched wafers can be judged in real-time whether or not 
the abnormal operation occurs. This can solve the con- 
ventional disadvantage, which has insufficient detecting 
parameters to detecting etching operations, and the user 
cannot stop the etching machine in time for preventing 
the continuous abnormal operation. 

[0039] It will be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention covers modifications 
and variations of this invention provided they fall within 
the scope of the following claims and their equivalents. 


